Abstract We examined the impact of surgical treatments (breast-conserving surgery [BCS], mastectomy alone, mastectomy with reconstruction) and surgical side-effects severity on early stage (0-IIA) breast cancer patients' body image over time. We interviewed patients at 4-6 weeks (T1), six (T2), 12 (T3), and 24 months (T4) following definitive surgical treatment. We examined longitudinal relationships among body image problems, surgery type, and surgical side-effects severity using the Generalized Estimating Equation approach, controlling for demographic, clinical, and psychosocial factors. We compared regression coefficients of surgery type from two models, one with and one without surgical side-effects severity. Of 549 patients enrolled (mean age 58; 75% White; 65% BCS, 12% mastectomy, 23% mastectomy with reconstruction), 514 (94%) completed all four interviews. In the model without surgical side-effects severity, patients who underwent mastectomy with reconstruction reported poorer body image than patients who underwent BCS at T1-T3 (each P \ 0.02), but not at T4. At T2, patients who underwent mastectomy with reconstruction also reported poorer body image than patients who underwent mastectomy alone (P = 0.0106). Adjusting for surgical side-effects severity, body image scores did not differ significantly between patients with BCS and mastectomy with reconstruction at any interview; however, patients who underwent mastectomy alone had better body image at T2 than patients who underwent mastectomy with reconstruction (P = 0.011). The impact of surgery type on body image within the first year of definitive surgical treatment was explained by surgical side-effects severity. After 2 years, body image problems did not differ significantly by surgery type.
affected by the type of surgical treatment a breast cancer patient receives.
Many studies have examined the effects of surgical treatment on breast cancer patients' body image . Since breast-conserving surgery (BCS) with radiation therapy is as effective as mastectomy in terms of long-term survival in the treatment of ductal carcinoma in situ (DCIS) and early stage invasive breast cancer [25] [26] [27] [28] [29] [30] [31] , current research has turned to examining body image, a psychosocial outcome. Several studies have reported better body image in patients undergoing BCS when compared with mastectomy [2, 4, 8-10, 12, 13, 16-22, 24] . However, other studies have found no significant differences in body image by surgery type [3, 6, 7, 15, 23, 32] . Many of these studies did not distinguish between mastectomy alone and with reconstruction; none examined the effect of surgical side effects on body image. Patients who received mastectomy with reconstruction have reported more favorable body image when compared with patients who received mastectomy alone, but not compared with patients who received BCS [19] . Other studies have found that patients who received BCS reported better body image than those who received mastectomy with reconstruction [11, 17, 22] . The inconsistent findings of these cross-sectional studies suggested that longitudinal research investigating the impact of surgical treatments, surgical side effects, and other cancer treatments on early stage breast cancer patients' body image might contribute new knowledge to our understanding of this issue. We hypothesized that lingering surgical side effects might be particularly important to understanding the relationships between surgery type and body image, especially since recovery from reconstructive surgery after mastectomy can be prolonged.
As part of a longitudinal QOL study, we developed new measures of body image and side effects of breast cancer surgery. We report on the psychometric properties of these measures, differences in body image and surgical sideeffects severity by type of surgical treatment (BCS, mastectomy alone, mastectomy with reconstruction), and changes in body image after surgical treatment over a 2-year follow-up period.
Methods

Participants
Between October 2003 and July 2007, we prospectively identified and enrolled incident cases of pathologically confirmed DCIS and early stage (I and IIA) invasive breast cancer patients who were diagnosed and treated at the Siteman Cancer Center at Barnes-Jewish Hospital and Washington University School of Medicine in St. Louis and at Saint Louis University School of Medicine. We included women age 40 and older because screening mammography is recommended for women in this age group [33] [34] [35] . Women were eligible for participation if they had completed their definitive surgical treatment, had not received neoadjuvant chemotherapy, had no prior history of any breast cancer, spoke English, and did not demonstrate cognitive impairment on the OrientationMemory-Concentration Test [36] .
This study was approved by the Institutional Review Boards at Washington University and Saint Louis University Schools of Medicine. Participants were paid $20 per interview.
Procedures
After obtaining informed consent, specially trained interviewers administered computer-assisted telephone interviews at 4-6 weeks (T1), 6 months (T2), 12 months (T3), and 24 months (T4) after definitive surgical treatment. We included variables based on the vast literature of factors associated with QOL in breast cancer survivors. At each interview, we collected demographic information, calculated body-mass index (BMI) using patients' self-reported height and weight, and administered measures of body image, surgical side-effects severity, comorbidity, anxiety, and depressed mood. From the medical record, we obtained clinical data regarding stage at diagnosis (DCIS, I, or IIA), surgery type (BCS, mastectomy alone, or mastectomy with reconstruction), and adjuvant therapies (radiation, chemotherapy, and endocrine therapy).
We developed an 8-item body image questionnaire using modified items from the Cancer Rehabilitation Evaluation System (CARES) [37] and other studies [2, 38] . We also developed a list of commonly reported surgical side effects based on collaborating physicians' anecdotal reports and the literature [37] . Participants were asked to rate the extent to which each statement (Table 1) applied to them in the last month using a 5-point scale ranging from ''not at all'' (1) to ''all of the time'' (5). Higher scores indicated more problems with body image and self-consciousness about the way one looks and more severe surgical side effects.
We included a validated interview measure of comorbidity [39] , which is based on the Charlson Index [40] . This measure inquires about the presence of several medical conditions having prognostic significance. We computed a weighted index that takes into account the number and severity of comorbid diseases reported.
The 21-item Beck Anxiety Inventory Ò (BAI Ò ) measured the severity of anxiety symptoms in the past week [41] . Items are rated on a 4-point scale from 0 = ''Not at all'' to 3 = ''Severely, I could barely stand it,'' with total scores ranging from 0 to 63.
The 20-item Center for Epidemiologic Studies Depression (CES-D) questionnaire [42, 43] measured the extent to which participants have experienced depressive symptoms during the past week. Each item is scored from 0 (rarely or none of the time) to 3 (most or all of the time). After reverse scoring four items, a total score is computed (range 0-60).
Statistical analyses
The factor structure of the newly developed measures of body image and surgical side-effects severity was analyzed using exploratory principal components analysis with varimax rotation and Lautenschlager's parallel analysis criteria [44] to determine the number of factors. Lautenschlager's criteria are based on Velicer's Minimum Average Partial (MAP) Method [45] , which uses partial correlation matrices to determine the number of components to be retained. We used Cronbach's alpha to measure the internal consistency of items on the new body image and surgical side effects measures at each interview.
To decide which variables to include as covariates in our multivariable analysis, we identified factors that were associated with body image in analyses of variance (ANOVA) or Pearson product-moment correlations at P B 0.05 at T1. We used v 2 tests to determine associations between surgery type and the categorical demographic and clinical variables. These tests were performed using SPSS version 16.0 (SPSS, Inc., Chicago, IL). We decided a priori to include receipt of adjuvant treatments as covariates in our multivariable models, whether or not they were significantly associated with body image in bivariate tests, since treatment variables were of intrinsic interest to our study. Two separate linear regression analyses were performed with Generalized Estimating Equation (GEE) models to examine the associations between body image and surgery type. The two models-one including and one excluding the surgical side effects measure-were run to determine whether the association between surgery type and body image was explained by surgical side-effects severity. Since body image was measured repeatedly over the study period, we used the GEE approach with an unstructured working matrix to adjust for correlations among the observations within a subject, setting BCS as the reference group. We also compared body image between patients who underwent mastectomy alone and patients who had mastectomy with reconstruction. The GEE approach handles missing values of the dependent variable, so a balanced data set was not required. All the available data could be used to assess the effect of surgery type on body image. The change over time in body image by surgery type was estimated by the interaction between time and surgery type in the model adjusted for covariates. The procedure GENMOD in SAS v. 9.1 was used to fit the GEE models (SAS Institute, Cary, NC). Two-sided P values \ 0.05 were considered statistically significant.
Results
We enrolled 549 of 772 (71.1%) eligible patients over 45 months. Participants were interviewed four times a mean 6.3 weeks (T1), 6.2 months (T2), and 12.3 months (T3), and 24.3 months (T4) after surgery. The mean age of the sample was 58 years old (range 40-91). Retention rates were very high, with 537 (97.8%) participants completing T2, 528 (96.2%) completing T3, and 514 (94%) completing T4 interviews. Non-participants were less likely than participants to be married and more likely to be non-white (each P B 0.001), but the groups did not differ significantly by age or stage at diagnosis. Table 2 provides the clinical and the demographic characteristics for patients in each surgical-treatment group. There was a significant association between stage at diagnosis and surgery type (P \ 0.001); DCIS patients were more likely to have received mastectomy with reconstruction (42%) when compared with stage I (34%) and stage IIA (24%) patients. Women who underwent BCS were more likely than women who received mastectomy (with or without reconstruction) to have received radiation and endocrine therapy (each P \ 0.001); BCS with radiation is standard of care. Women who received mastectomy with reconstruction were more likely to be younger, married, and have completed at least some college education. As would be expected, women who were diagnosed with stage IIA disease were more likely to have received chemotherapy than women who were diagnosed with DCIS or stage I breast cancer (data not shown; P \ 0.001).
Factor analyses
Separate principal components analysis and Lautenschlager's parallel analysis criteria [44] of the body image and surgical side effects items yielded a single-factor solution for each measure. Cronbach's alpha ranged from 0.87 to 0.89 for the eight-item body image scale and ranged between 0.77 and 0.83 for the surgical side-effects severity scale at the four interviews. Table 3 shows differences in body image by demographic and clinical characteristics at T1. Body image problems differed significantly by surgery type, but not by breast cancer stage at diagnosis, even though a greater proportion of DCIS patients than stage I and IIA patients received mastectomy with reconstruction (Table 2) . Among patients who received mastectomy with reconstruction, body image problems did not differ significantly at any interview by type of reconstructive surgery (implant or autogenous tissue reconstruction), even after adjustment for surgical side-effects severity. Table 4 shows the Pearson correlations among the measure of body image problems and other continuous variables at T1. The correlation coefficients at the three subsequent interviews were similar in magnitude and direction to those at T1 (data not shown).
GEE models
The mean differences in body image and 95% confidence intervals (CI) are reported in Table 5 . In Model 1, we included age, depressed mood, anxiety, BMI, comorbidity, chemotherapy, endocrine therapy, and radiation in addition to surgery type. We found that reporting more problems with body image was associated with younger age and higher levels of depressed mood, anxiety, and BMI. Patients who underwent mastectomy with reconstruction reported worse body image than patients who underwent BCS at T1-T3. By T4, patients who received mastectomy with reconstruction reported similar body image as BCS patients. Patients who underwent mastectomy alone reported similar body image as BCS patients across all four interviews. At T2, patients who underwent mastectomy with reconstruction reported worse body image when compared with patients who underwent mastectomy alone (data not shown in Table 5 ; mean difference = 0.2836; 95% CI 0.0660-0.5012; P = 0.0106). Figure 1 shows change in surgical side-effects severity by type of surgical treatment over the 2-year period. Although surgical side-effects severity declined over time for patients who had mastectomies alone or with reconstruction, these two groups reported more severe surgical side effects than patients who had BCS at all four interviews (P \ 0.01).
We next sought to determine whether surgical sideeffects severity explained the association between surgery type and body image. Therefore, in Model 2 (Table 5) , we adjusted for all the variables in Model 1 as well as for surgical side-effects severity. As shown in Model 2, worse body image was associated with more severe depressed mood, higher BMI, and more severe surgical side effects, but the significant differences at the first three interviews between patients who received mastectomy with reconstruction and patients who received BCS (shown in Model 1) were attenuated. By T4, patients' body image did not differ significantly by surgery type. However, at T2, patients who underwent mastectomy with reconstruction reported worse body image than patients who underwent Body-mass index at T1, N = 546 * P \ 0.05. P \ 0.01 Table 5 ; mean difference = 0.2766, 95% CI 0.0635-0.4896; P = 0.0110), after controlling for surgical side-effects severity (Fig. 2) .
Discussion
We examined the differences in two new measures of body image and surgical side-effects severity by type of surgical treatment and changes in body image after surgical treatment over a 2-year follow-up period. Items on each measure showed a high degree of internal consistency at each interview and good construct and discriminant validity as measured by their associations with other psychosocial and clinical measures. The measure of body image problems was significantly correlated with each of the psychosocial measures and BMI at each interview, but these first-order correlation coefficients were low to moderate in magnitude indicating that they are not measuring the same construct. The very low correlations with our measure of comorbidity show that conditions included in this index would not be expected to be highly correlated with body image. We did not include another measure of body image in our study, because the outcome of interest in the parent study was QOL, not body image. Our measure of body image problems included modifications of previously developed items [2, 37, 38] , thus further validation of this new measure is warranted. As expected, surgical side effects were reported to be more severe in patients who received mastectomies alone or with reconstruction at each time point when compared with patients who received BCS (P \ 0.01), although these differences were most pronounced at the first interview (Fig. 1) . This relationship between surgical side-effects severity and surgery type provides evidence of the construct validity of the new surgical side-effects severity measure. We found that early stage breast cancer patients' body image differed by type of surgical treatment received. After adjustment for several potential confounders (Model 1), we found that patients who received mastectomy with reconstruction had worse body image than patients who received BCS, at each interview during the first year after surgical treatment. After adding surgical side effects in Model 2, the difference in body image between patients who received mastectomy with reconstruction and patients who received BCS was no longer significant. Thus, patients' experience of surgical side effects explained the relationship between surgery type and body image. However, after adding the surgical side-effects severity measure in Model 2, patients who received mastectomy with reconstruction still reported significantly more body image problems at T2 when compared with patients who received mastectomy alone. At 6 months after patients' surgical treatment, patients who received mastectomy with reconstruction might continue to experience the side effects of their reconstructive surgery, as well as an increased likelihood of surgical-wound infections [46] [47] [48] , which delays healing. Mastectomy is associated with greater morbidity, in general, and greater likelihood of surgical-site infection, in particular, compared with BCS [46, 48] . Surgical morbidity following reconstructive surgery would be expected to add to the risk of surgical-wound infections associated with mastectomy alone. Future research might examine whether surgical-site infections have an impact on body image over and above the surgical side effects that we measured, especially in women who have a mastectomy either with or without reconstruction.
Surgical side-effects severity explained the differences in body image between patients who received BCS and mastectomy with reconstruction within the first year (T1-T3) after surgical treatment. But by the 2-year follow-up, when the lengthy process of breast reconstruction is likely completed, body image did not differ significantly by surgery type in either of the two models, even though surgical side-effects severity was still significantly greater for patients who received mastectomies alone or with reconstruction when compared with patients who received BCS (Fig. 1) . Although there was a sharp decline in surgical side-effects severity from T1 to T2 both for patients who received mastectomy alone and mastectomy with reconstruction ( Fig. 1) , patients who received a mastectomy alone or with reconstruction continued to endure more severe surgical side effects after T2 when compared with patients who received BCS.
As shown in Table 5 , Model 2, surgical side-effects severity did not substantially weaken the effects of elevated depressed mood and BMI on patients' body image problems. Thus, the effects of elevated depressed mood and BMI on body image remain, regardless of the pain or discomfort patients may feel after surgical treatment.
Our study contributes to the body image literature in early stage breast cancer patients not only in the development of two new measures of body image problems and of surgical side-effects severity, but also in its longitudinal design and in distinguishing between patients who received mastectomy alone and mastectomy with reconstruction. In two cross-sectional studies, patients who received either mastectomy alone or mastectomy with reconstruction had significantly more body image problems than patients who received BCS [11, 22] ; and the body image benefits of mastectomy with reconstruction were less than expected [22] . However, patients in these studies were interviewed once, at various times within 1-year of surgical treatment [11] or up to 5 years after diagnosis [22] . A third study found that patients who received BCS reported fewer body image concerns when compared with patients who received mastectomy alone [9] ; but this study, too, surveyed patients at varying times after surgical treatment, some [20 weeks post surgery. In another cross-sectional study [19] , body image did not differ significantly between patients who received BCS and mastectomy with reconstruction, similar to our findings in the model that adjusted for surgical sideeffects severity. However, both the groups reported significantly fewer body image problems than patients who received mastectomy alone [19] , whereas we found that body image did not differ significantly between patients who received BCS and mastectomy alone across all four interviews. Importantly, none of these cross-sectional studies included a measure of surgical side-effects severity in their analysis, which ultimately explained the differences that we detected in body image problems by surgery type. As surgical side-effects severity diminished over time, so, too, did the extent of body image problems.
Kraus [14] observed early stage breast cancer patients experienced a significant decline in body image satisfaction 8 weeks post-surgical treatment. A descriptive trend in the data suggested that mastectomy patients were more satisfied with their body image than BCS patients, both before and after surgery. Patients reported basing their treatment decisions on what they believed would offer them the best opportunities for long-term survival and not on how they would look after surgery. Clinicians should be aware of the possible impact that breast cancer treatment may have on a woman's body image and other psychological outcomes (e.g., elevated depressed mood or anxiety), which were positively correlated with body image problems in our study. Although Kraus's study was limited by a small sample size of 31 patients, measuring body image scores both before and after surgical treatment was a strength of her study and a limitation of ours, since we did not measure body image before surgical treatment.
An important strength of our study was the longitudinal cohort design allowing for repeated measures of individual patients over time. In addition, since the measures of body image and surgical side-effects severity correlated with other validated psychosocial measures and surgery type in the expected direction and magnitude, we believe that measurement (response) bias was minimal. Although not population based, our sample was representative of the racial/ethnic population in the St. Louis metropolitan area. However, we excluded women younger than 40 and with more advanced breast cancers. Therefore, our results may not be generalizable to younger breast cancer patients and patients with more advanced disease, who may receive different treatment. Also, it is possible that patients who received mastectomy with reconstruction had more problems with their body image prior to surgical treatment [14] and chose to undergo reconstruction with the hopes of improving their body image. However, since reconstruction can take as long as 1 year or more to complete, these patients still may not have been satisfied with the outcomes of their reconstructive surgery at 6 months, and body image problems prior to surgical treatment (or other unmeasured factors) may account for our observed difference in body image problems between patients who received mastectomy alone and mastectomy with reconstruction at T2.
In summary, we developed new measures of body image problems and surgical side-effects severity that demonstrated adequate reliability and validity in this sample of early stage breast cancer survivors. Although body image problems were quite low, problems were significantly higher among patients who received mastectomy with reconstruction than patients with BCS. However, the effects of surgery type on body image problems were attenuated once we adjusted for surgical side-effects severity in the model. Patients who had mastectomy with reconstruction still reported significantly more problems with body image than patients with mastectomy alone 6 months after surgical treatment, after controlling for surgical side-effects severity. Since early stage breast cancer patients' long-term survival is similar between women treated with BCS and mastectomy (with or without reconstruction) [26, 27] , breast cancer patients can make surgical decisions based not only on their surgeons' clinical judgment and recommendations but also with consideration of the pros and cons of different types of surgery and the potential short-and long-term effects of each option, including effects on body image, an important QOL outcome of breast cancer treatment.
